In the present work we used five different versions of the quark-meson coupling (QMC) model to compute astrophysical quantities related to the GW170817 event and to neutron star cooling process. Two of the models are based on the original bag potential structure and three versions consider a harmonic oscillator potential to confine the quarks. The bag-like models also incorporate the pasta phase used to describe the inner crust of neutron stars. We show that the pasta phase always play a minor or negligible role in all studies. Moreover, while no clear correlation between the models that satisfy the GW170817 constraints and the slope of the symmetry energy is found, a clear correlation is observed between the slope and the fact that the cooling is fast or slow, i.e., fast (slow) cooling is related to higher (lower) values of the slope. We did not find one unique model that can describe, at the same time, GW170817 constraints and give a perfect description of the possible cooling processes.
I. INTRODUCTION
The observation of the binary neutron star system GW170817 by the LIGO-VIRGO scientific collaboration and also in the X-ray, ultraviolet, optical, infrared, and radio bands gave rise to the new era of multimessenger astronomy. All these joint observations gave support to the idea that GW170817 was produced when two neutron stars merged in NGC4993. The observation of the electromagnetic counterpart of GW170817 by the Fermi Gamma-ray observatory corroborated that binary neutron star mergers are associated to short gamma ray bursts (sGRB) and kilonova emissions probably powered by the radioactive decay of r-process nuclei synthesized in the ejecta [1] . Therefore multimessenger observations are an excellent tool to extract precious information of compact stars under extreme conditions.
In the next years more signal detections will be possible by further upgrades of dubbed A+ and LIGO Voyager [2] and by the joint collaboration of KAGRA and LIGO India [3] [4] [5] . In addition, planned third generation observatories such as Einstein Telescope (ET) and Cosmic Explorer (CE) may bring us the detection of binary neutron stars at cosmological distances [6] [7] [8] .
As can be seen the observation of binary systems in different channels is of outstanding importance in order to establish stronger constraints on neutron star physics. As a matter of fact neutron stars have been, for many decades, objects of intense astrophysical research. Electromagnetic observations were used to establish some limits on the mass and radius of neutron stars. In light of the recent detections, the gravitational wave channel has become a new way to observe NS and also provide new neutron star observables, like the tidal polarizability arising just before the merging.
The dimensionless tidal deformability or tidal polarizability (TP) is related to the induced deformation that a neutron star undergoes by the influence of the tidal field of its neutron star companion in the binary system [9] . That influence is expected to be detected in the low frequency range of the inspiral stage, where the effect is a small correction in the waveform phase. As each different neutron star composition has a characteristic response to the tidal field, the TP can be used to discriminate between different equations of state (EOS). Therefore, this new and very interesting physics offers an exciting possibility to investigate the neutron star composition in a very clear form.
In addition, thermal evolution studies are a complementary way of probing properties of the neutron star. The investigation of the cooling of compact stars has been proved a promising method for exploring the properties of neutron stars, as it is strongly connected to both micro and macroscopic realms [10] [11] [12] [13] [14] [15] . There is a wealth of literature on the cooling of neutron stars and related phenomena such as magnetic field [16] [17] [18] [19] , deconfined quark matter [20] [21] [22] [23] [24] , superfluidity [25] [26] [27] [28] , rotation [29] [30] [31] , among others [14, 27, 32, 33] .
In the present work we present five different versions of the quark-meson coupling (QMC) model equations of state chosen to describe neutron star (NS) matter. The first two are respectively the original QMC model with an underlying bag structure and its counterpart with the inclusion of an interaction between the meson ω and ρ fields. In both cases, the pasta phase is also considered in the description of the NS inner crust. The other three versions are modified QMC (MQMC), where the parameters are adjusted so that the constituent quarks are confined to a flavor-independent harmonic oscillator potential [34, 35] .
The above mentioned models are confronted with recent astrophysical constraints, including the ones predicted by the GW170817. We also perform cooling simulations for all models and compare the results with observed data. This study will allow us (in conjunction with the aforementioned studies) a better evaluation of the quality of the underlying microscopic models adopted.
The formalism used for the EOS is shown in section II, the necessary equations to estimate the quantities related to the GW constraints are given in section III and for the cooling process in section IV. We present and discuss our results in section V and in the last section we make our final remarks.
II. EQUATIONS OF STATE
In this section we present the formalism of the original QMC model, its counterpart with the inclusion of the ωρ interaction and in the sequel, the modified QMC model.
A. QMC and QMCωρ models
In the QMC model, the nucleon in nuclear medium is assumed to be a static spherical MIT bag in which quarks interact with the scalar (σ) and vector (ω, ρ) fields, and those are treated as classical fields in the mean field approximation (MFA) [36] . The quark field, ψ qN , inside the bag then satisfies the equation of motion:
where m q is the current quark mass, and g q σ , g q ω and g q ρ denote the quark-meson coupling constants. The normalized ground state for a quark in the bag is given by
where
and,
with the normalization factor given by
, R N is the bag radius of nucleon N and χ q is the quark spinor. The bag eigenvalue for nucleon N , x qN , is determined by the boundary condition at the bag surface
The energy of a static bag describing nucleon N consisting of three quarks in ground state is expressed as
where Z N is a parameter which accounts for zero-point motion of nucleon N and B N is the bag constant. The set of parameters used in the present work is determined by enforcing stability of the nucleon (here, the "bag"), much like in [37] , so there is a single value for proton and neutron masses. The effective mass of a nucleon bag at rest is taken to be M * N = E bag N . The equilibrium condition for the bag is obtained by minimizing the effective mass, M * N with respect to the bag radius
By fixing the bag radius R N = 0.6 fm and the bare nucleon mass M = 939 MeV the unknowns Z N = 4.0050668 and B
1/4 N = 210.85MeV are then obtained. Furthermore, the desired values for the binding energy and saturation density (Table I) MeV. With this parameterization, some of the bulk properties at saturation density, namely, the compressibility, the symmetry energy and the slope of the symmetry energy, are calculated and the values can be seen in Table  I . Other parameter sets are possible, as discussed in [38] [39] [40] [41] . The values given in the first line of Table I are very close to the most accepted values (see [42, 43] , for instance) and J and L 0 can be easily controlled by the inclusion of a ω − ρ interaction, as discussed in [44] [45] [46] . The larger the value of this interaction, the lower the values of the symmetry energy and its slope. In the present work, we follow the calculations mentioned in [38] , where an ω − ρ interaction strength that results in a symmetry energy equal to 22 MeV at 0.1 fm −3 is included, with a consequent change in the g ρ coupling constant. The new values of the symmetry energy and its slope at saturation are also given in Table I .
In a relativistic mean field (RMF) approximation, the (13) and
Finally, the mean field σ is fixed by imposing that
Our interest lies on stellar matter in β-equilibrium conditions, i.e.,
Charge neutrality requires that
and these two conditions imply that a free gas of leptons (electrons and muons) have to be added to the energy density and pressure of the system.
• Pasta phases
We construct the pasta phases within the QMC and QMCωρ models using the coexisting phases method [47, 48] . For a given total density n B the pasta structures are built with different geometrical forms, usually called sphere (bubble), cylinder (tube), and slab, in three, two, and one dimensions, respectively. This is achieved from the Gibbs conditions, that impose that both phases have the same pressure, proton and neutron chemical potentials. For stellar matter, the following equations must be solved simultaneously
where I (II) represents the high (low) density region, n p is the global proton density and f is the volume fraction of the phase I, that reads
The hadronic matter energy reads:
Adding the surface and Coulomb terms to Eq. (23) results in the total energy density:
Minimizing ε surf + ε Coul with respect to the size of the droplet/bubble, cylinder/tube or slabs, we obtain [49] ε surf = 2ε Coul where
with α = f for droplets, tubes and slaps, and α = 1 − f for tubes and bubbles. Φ is given by
σ is the surface tension, which measures the energy per area necessary to create a planar interface between the two regions and is calculated using an adapted geometric approach [38] . Notice that the pasta phase is only present at the low density regions of the neutron stars and in this region muons are not present, although they are present in the EOS that describes the homogeneous region.
B. MQMC model
The Lagrangian density of the modified quark-meson coupling (MQMC) model, extended in comparison with its standard form [34, 35] in order to take into account asymmetric nuclear matter [50] [51] [52] , is given by
The antisymmetric field tensors F µν and B µν are given by
In the original QMC model [36] introduced previously, quarks interact each other through an MIT-like bag potential and the nucleon is described as a bag composed of three quarks. Each set of three quarks interact with another one through meson exchanges, as already mentioned. The same kind of nucleon interaction is also present in the MQMC model. However, the interaction between quarks inside the nucleon is taken into account via a confining harmonic oscillator potential given by
, with V (r) = ar 2 + V 0 , instead of the bag-like treatment. The potential intensity and depth are related, respectively, to the a and V 0 constants.
From the Euler-Lagrange equations applied to the Lagrangian density in Eq. (27) , one can write the Dirac equation for the quarks as
with
and
where σ, ω 0 and ρ 03 are the classical meson fields in the mean-field approximation.
If we write the small component (χ) of the Dirac field in terms of the larger one (ϕ), and replace it back into one of the coupled equations for χ and ϕ, we will find
The Schrödinger equation of the tridimensional harmonic oscillator is recognized in Eq. (31), with the lowest order energy identified in the right-hand side. Such an identification gives rise to
by taking into account that
Since the center of mass motion of the composite nucleon in the MQMC model is also bound by the harmonic potential between the quarks, corrections in the nucleon wave function must to be taken into account if we consider the composite state as a translationally invariant one. Here, we follow the procedure used in Ref. [35] in order to extract center of mass effects from nucleon observables. Firstly, we obtain the center of mass energy, given by [35] 
The effective nucleon mass in the medium as the center of mass corrected energy of the three independent quarks is taken into account is then expressed as [35] 
and the mean squared nucleon radius, also corrected for center of mass effects, is written as [35] 
The harmonic oscillator parameters a and V 0 are determined by imposing the vacuum values for M * N and r The equations of state (EoS) and field equations of the MQMC model are given as in the QMC one, by taking Λ v = 0. More specifically, the energy density and pressure of the MQMC model are given by Eqs. (9) and (10), respectively. The mean fields ω 0 , ρ 03 and σ are obtained as indicated in Eqs. (11) and (15), all of them with the restriction that the Λ v parameter is set equal to zero.
The free parameters G q2 σ
2 are found by imposing the nuclear matter saturation at n = n 0 = 0.15 fm −3 with a binding energy of
2 is determined by fixing a particular value for J ≡ S(n = n 0 ), with the symmetry energy given by [51, 52] 
with k F being the Fermi momentum. The input free parameter m q is used to control the incompressibility at the saturation density K 0 = K(n = n 0 ), with K = 9∂p/∂n. Here we restrict the MQMC model to present the same J and K 0 values as those from the QMC models in Sec. II, see Table I . Such parametrizations are named as MQMC1 and MQMC2. We also generate a third one, namely, MQMC3 in which one has J = 25 MeV. Notice that all these parametrizations present J and K 0 values inside the ranges of 25 MeV J 35 MeV [42] and 250 MeV K 0 315 MeV [53] , respectively.
For the stellar matter calculations, we proceed as described in Sec. II concerning the β-equilibrium conditions on the chemical potentials and densities. In particular, the nucleon chemical potentials in the MQMC model are given by,
with the upper (lower) sign for protons (neutrons). The nuclear matter and stellar properties, along with the free parameters obtained from the parametrizations of the MQMC model, are given in Table. II.
III. GW170817 CONSTRAINTS
The gravitational Love number depends directly on the detailed structure of the neutron star (NS). Therefore the observation of Love numbers can offer us paramount information on the NS composition. In fact this physics has triggered intense research recently [54] [55] [56] [57] .
When one of the neutron stars in a binary system gets close to its companion just before merging, a mass quadrupole develops as a response to the tidal field induced by the companion. This is known as tidal polarizability [58, 59] and can be used to constrain neutron star macroscopic properties [60] , which in turn, are obtained from appropriate equations of state (EOS).
In a binary system the induced quadrupole moment Q ij in one neutron star due to the external tidal field E ij created by a companion compact object can be written as [60] ,
where, λ is the tidal deformability parameter, which can be expressed in terms of dimensionless l = 2 quadrupole tidal Love number k 2 as
To obtain k 2 , we have to simultaneously solve the TOV equations and find the value of y from the following differential equation
with its coefficients given by
where ε and p are the energy density and pressure profiles inside the star. Then we can compute the Love number k 2 , which is given by
where y R = y(r = R), C = M/R is the compactness of the star and R is its radius. The tidal deformability Λ (i.e., the dimensionless version of λ) is connected with the compactness parameter C through
In the next section, Λ 1 and Λ 2 refer to the the values of each one of the neutron star in the binary system. It is obviously expected that the crust thickness and constitution affect the second Love number and consequently, the tidal polarizability. The neutron star crust is usually divided into two different parts: the outer crust and the inner crust. In [61] , the authors investigated the impact of the crust by considering simple expressions. For the outer crust, the region where all neutrons are bound to finite nuclei, a crystal lattice calculation that depends on the masses of different nuclei was performed. For the inner crust, where the pasta phase is expected to exist, the authors used a polytropic EOS that interpolates between the homogeneous core and the outer crust. The conclusion of their work is that, for a fixed compactness, the second Love number is sensitive to the inner crust, but as the tidal polarizability scales as the fifth power of the compactness parameter, the overall impact is minor. In the present work, we use the BPS EOS [62] for the outer crust and the pasta phase for the inner crust and test their effects on the deformability of the NS. We can see the differences between the total equations of state (outer crust + inner crust + liquid core) presented here and the one used in [61] in Fig.1 One can see that the outer crusts are coincident and the liquid core of all EOS are very similar. Hence, most of the differences reside on the inner crust and around the crust-core transition region. Notice that the pasta phase is present only in the QMC and QMCωρ models.
In the next section, we obtain the results for the second Love number and the tidal deformability and discuss them.
IV. NEUTRON STAR COOLING
We now turn our attention to the thermal evolution of neutron stars whose composition is described by the models discussed in this manuscript. The cooling of neutron stars is governed by the emission of neutrinos from their core, and of photons from the surface. All thermal properties of the neutron star from the neutrino emission to the heat transport, depend on their microscopic composition, as different compositions lead to different processes, or alter the rate at which certain processes [61] . The region in between the two stars in the orange curve represents the inner crust. Before (after) that region, one has the outer crust (liquid core).
take place. Evidently the specific heat and thermal conductivity also depend on the microscopic composition of the star. Furthermore global and macroscopic properties of the star, such as size, spin, crystalline structure (of the crust) also play a major role in the thermal evolution of the star. Cooling studies are thus a superb way of bridging the gap between the micro and macroscopic realms of neutron stars. In recent years there has been great advances in the observation of thermal properties of compact objects [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] .
The equations that describe thermal energy balance and transport inside a spherically symmetric general relativistic star are given in [82] [83] [84] , with (G = c = 1)
In eqs. (49)- (50) l is the luminosity, φ is the metric function, m is the mass as a function of the radial distance r and T is the temperature. The equations above also depend on microscopic properties such as the neutrino emissivity ǫ ν , the specific heat c v and the thermal conductivity κ. A comprehensive review of the details of such quantities can be found in references [85] . One also needs the appropriate boundary conditions for a complete solution of eqs. (49)- (50) and these are given by the heat flow at the center of the star, which obviously needs to vanish, as well as surface conditions which connect the stellar surface luminosity to the heat flowing from the mantle to the star atmosphere. The atmosphere conditions may depend on several circumstances such as, surface magnetic field and/or heavier elements due to accreted matter at the neutron star formation [12, 86, 87] . In this work we consider the traditional scenario, as described in the aforementioned references, and only briefly consider the possibility of accreted matter in the atmosphere.
In the next section, we numerically solve eqs. (49)- (50) for a set of stars of each model, spanning low to high mass neutron stars, and then confront our results to observed data and draw our conclusions.
V. RESULTS AND DISCUSSION
In the present section we study the effects of the different versions of the QMC and MQMC models presented earlier on quantities related to gravitational wave observables and on the neutron star cooling.
A. GW170817 constraint results
We next show the results of the tidal deformability Λ and the Love number k 2 obtained from the QMC/QMCωρ models, with and without pasta phases, and the three versions of the MQMC.
In Fig. 2(top) we display the Love number k 2 as a function of the compactness of the neutron star. In Fig. 2(bottom) we can see the variation of Λ with the mass of the star. As already pointed out in [61] , the curves do not collapse into one single curve because of their different dependence on y. When the same models are used to compute the tidal polarizability, their differences are enhanced and only two models, namely, QMCωρ and MQMC3 give results that are consistent with LIGO results for the canonical star. The pasta phase plays a very modest role and its influence is practically unnoticed, what can be seen if one compares the curves obtained from QMC with and without pasta and QMCωρ with and without pasta.
In Fig. 3 we show the tidal deformabilities of each neutron star in the binary system. Λ 1 is associated to the neutron star with mass m 1 , which corresponds to the integration of every EoS in the range 1. 
B. Cooling results
We now present the results of our thermal evolution studies, obtained by the numerical solution of eqs. (49) and (50) . We begin by showing the cooling of a set of stars covering a wide range of masses for the QMC model. Those are shown in Fig. 4 .
As shown in Fig. 4 all stars exhibit fast cooling, characterized by a sharp drop in their surface temperature at the age of ∼ 100 years. Such fast cooling is a manifestation of a prominent presence of the direct Urca process (DU) in the stellar core, which is indeed the case for these stars. The DU process is extremely efficient in exhausting the star thermal energy, leading to the manifested fast cooling [91] . This, in turn indicates that such thermal evolution is mostly incompatible with observed data (unless the DU process is suppressed), as we will discuss in the following. We now show in Fig. 5 the thermal evolution of QMC neutron stars with the pasta phase describing the inner crust.
We can see that the pasta phase has little effect on the overall cooling behavior of the star. This is to be expected as the pasta phase occupies only a small region. A more careful analysis lead us to the conclusion that the pasta phase had the minor effect of aiding in the core-crust thermalization, leading to a core-crust ther- mal relaxation on average ∼ 3.5 years faster. This seems reasonable, as the pasta phase smooths the core-crust transition, thus, one can expect that will also smooth out heat propagation in between these regions. We note, however, that these are rough estimates and a more detailed calculation is warranted, one in which the thermal and conductivity properties of the pasta phase are explored in more details. We now repeat the calculations above, but for the QMCωρ model, without pasta (Fig. 6 ) and with pasta (Fig. 7) . We can see that, as happens in the previous case (QMC), the pasta phase has little effect on the overall cooling -serving only to delay the thermalization by a few years. Differently than the previous model, however, in this case all stars exhibit slow cooling, meaning that there is no sharp drop in temperature when the core and crust become thermally coupled. The reason for that is that in this particular model the proton fraction at the core of the star, even at larger densities of heavier stars, is low enough to prevent the DU process from taking place, thus leading to a substantially slower thermal evolution. Now we investigate the cooling of neutron stars described by the MQMC model in order to see if the different prescription used in the EoS calculations will play any role in the cooling. We show in Figs. 8 -10 the cooling of neutron stars of different masses calculated for the different MQMC models studied. It is worth mentioning that we see a clear correlation between the slope of the nuclear symmetry energy (L 0 ) and a fast/slow cooling behavior, with stars with higher values of L 0 having faster cooling (QMC, MQMC1 and MQMC2) whereas lower values of L 0 leading to slower cooling scenario (QMCωρ and MQMC3).
So far in our thermal investigation we have completely ignore effects of pairing, as we were interested in probing possible differences in the thermal behavior of the different models studied, and the inclusion of pairing could potentially murk the results. As it turns out all models behave similarly, with major differences connected with the different values of the symmetry energy slope rather than more specific minutia about the models. We now need to make sure that our model is in agreement with observed data, or at the very least is comparable to other results in the recent literature [92] [93] [94] [95] [96] -for that we need to include pairing. Pairing in neutron stars may potentially occur in three different manners, neutron-neutron singlets ( 1 S 0 ), neutron-neutron triplet ( 3 P 2 ) and protonproton singlet ( 1 S 0 ). Neutron-neutron singlets are known to form mainly in the neutron-free region of the crust, whereas its triplet counterpart should form mainly in the lower densities of the core. As for the proton-proton pairs there is still great uncertainty as to how deep into the star it may take place. For a review of pairing in neutron stars we refer the reader to [85] . In this work we adopt a fairly standard pairing scenario, similar to the CCDK model of reference [97] . Below we show in (Figs. 11) the critical temperature as a function of neutron and proton Fermi momenta that were used to calculate the pairing effects in the neutron star cooling processes (suppression of the DU process, appearance of Pair-Breaking-Formation (PBF) process near T c , and the modification of the specific heat of paired particles). As discussed above, the presence of pasta does not change (qualitatively) the cooling behavior of the star, thus henceforth we will consider only the QMC with the pasta phase, as we believe that this is a more appropriate description for the core-crust transition. We now revisit the results shown in Figs. 5 -10 taking into account the superfluidity model described above.
We begin by showing the thermal evolution of the QMC model (with pasta), which is shown in Fig. 12 . Fig. 13 shows the surface temperature evolution for the The results illustrated in Figs. 12 and 13 show us that, as expected, the presence of nucleon pairing leads to slower cooling (as neutrino emission processes involving paired nucleons are exponentially suppressed, once the superfluid phase is achieved). For the QMCωρ this is less relevant, as in this case the DU process was already suppressed due to the nature of this equation of state itself, which is connected to lower proton fractions. For this model, however, we see that a "second knee" appears near the 1000 year age. This second temperature drop is associated with the onset of neutron supefluidity on the outer layers of the star, which gives rise to a burst of neutrino emissions (associated with the Pair Breaking-formation process), leading to a sudden temperature drop. This phenomena has been used in previous studies to explain the apparent temperature drop of the neutron star in Cas A [98, 99] , although Cas A itself has been put into question recently [100] .
The results of the QMC (pasta) model ( fig. 12 ) are more interesting for the purposes of this research. We see that with the presence of pairing, the cooling exhibits a "broader spectrum", with higher masses associated with faster cooling, smaller masses with lower, and intermediate masses in between. Such behavior makes this model ideal to confront against observational data, as it is more likely to fall into the range of observed neutron star temperatures.
We have also considered the thermal evolution of the MQMC stars with superfluidity. In here we show only the cooling of the stars of the MQMC1 and MQMC2, which are shown in Figs. 14 and 15. The cooling of superfluid stars of the MQMC3 model is omitted as they exhibit a similar behavior of that shown in Fig. 12 . These results show us that both MQMC1 and MQMC2 models lead to satisfactory thermal evolution behavior, leading to a large band covered by different stars masses that could potentially describe the observed data. As it is usual in thermal evolution studies, one cannot (usually) pin point the composition of the star by such investigations but rather rule out models that are less likely to describe observed data. We now compare the band of possible thermal evolutions (spanned by low-to-high mass stars) in the two models we have deemed best (in the cooling context) -these are shown in Figs 16 and 17 .
We also confront the results of Figs 16 and 17 with most prominent thermal observed data [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] 94 ]. -as shown in Fig. 18 , from where we see that the major difference between the two models is that the MQMC2 spans a wider band, covering more of the low temperature re- What we can see, however, is that both models have difficulties in matching the higher temperatures observed. This could be due to the presence of some unaccounted heating process or even to the uncertainties on the estimation of the star age. This can be remedied somewhat by taking into account a more sophisticated model for the neutron star atmosphere. For the present model we have only considered standard neutron star atmosphere [87] . At the neutron star formation, some accretion might take place [101] , depositing some materials onto the surface of the star. In order to account for that we consider the QMC model (with pasta and superfluidity) and allow for an accreted atmosphere of ∆M = 10 −10 M . The results are shown in Fig. 19 and they show that the accreted atmosphere allow the surface to reach higher temperatures, making the agreement with observed data a little better. There is price paid, however, that is the speed up of cooling at later ages -this can be explained due to higher temperatures achieved by the star surface, that also enhance black-body photon emission (which is the dominant cooling mechanism in the late stages of evolution). We also see that a modest accreted atmosphere is not enough to explain the higher temperature starswhich is in agreement with other studies (see [14] for instance). One must also keep in mind that there is great uncertainty regarding the age of the star [97] . 
VI. FINAL REMARKS
In the present work we have used five different versions of the QMC model to compute the Love number and tidal polarizability and confront them with GW170817 constraints and also to investigate the cooling process they describe. Two of the models are based on the original bag potential structure and three versions consider a harmonic oscillator potential to confine the quarks. The bag-like models also incorporate the pasta phase used to describe the inner crust of neutron stars.
We have compared our EOS with the FSUGarnet [61] and checked that the outer crusts are coincident and the liquid core of all EOS are very similar, most of the differences residing on the inner crust and around the crust-core transition region, where the pasta phase was included. Our results point to the fact that the pasta phase plays only a minor role in the calculation of the dimensionless tidal polarizability and just two of the models (QMCωρ and MQMC3) give results that lie within the expected range of the canonical star Λ 1.4 and, at the same time, appear inside the region delimited by the confidence lines. At this point we see no clear correlation between the model symmetry energy or its slope and the fact that it satisfies (or not) the constraints investigated.
We have then used the very same models to study the cooling process and have verified that, in this case, there is a clear correlation between the slope of the symmetry energy and the velocity of the cooling process, i.e., mod-els with higher (lower) values of the slope produce fast (slow) cooling. The pasta phase, once again, plays a minor role in the cooling process by speeding up the process in about 3.5 years if superconductivity is not considered. The models that seems to better describe the observational data are the QMC (with pasta) and MQMC2, but none can reach the region of very high temperatures.
In fact, our studies show that we cannot pin down one unique model that can, at the same time, describe astrophysical quantities and a perfect description of the possible cooling processes and more observational data is necessary. 
